Vocal and territorial behavior in the Smith frog (Hypsiboas faber): Relationships with plasma levels of corticosterone and testosterone  by de Assis, Vania Regina et al.
Comparative Biochemistry and Physiology, Part A 163 (2012) 265–271
Contents lists available at SciVerse ScienceDirect
Comparative Biochemistry and Physiology, Part A
j ourna l homepage: www.e lsev ie r .com/ locate /cbpaVocal and territorial behavior in the Smith frog (Hypsiboas faber): Relationships with
plasma levels of corticosterone and testosterone
Vania Regina de Assis a,⁎, Carlos Arturo Navas a, Mary T. Mendonça b, Fernando Ribeiro Gomes a
a Departamento de Fisiologia, Instituto de Biociências, Universidade de São Paulo, Rua do Matão, trav. 14, 321, 05508‐900, São Paulo, SP, Brazil
b Department of Biological Sciences, 331, Funchess Hall, Auburn University, 36849, Auburn, AL, USA⁎ Corresponding author. Tel.: +55 11 3091 7522; fax
E-mail address: v.regina.a@gmail.com (V.R. de Assis
1095-6433 © 2012 Elsevier Inc.
http://dx.doi.org/10.1016/j.cbpa.2012.08.002
Open access under tha b s t r a c ta r t i c l e i n f oArticle history:
Received 12 April 2012
Received in revised form 5 August 2012
Accepted 7 August 2012
Available online 11 August 2012
Keywords:
Amphibia
Anura
Corticosterone
Reproduction
Territoriality
Testosterone
Vocal behaviorThe possible trade-off between the roles of glucocorticoids as facilitators of energy substrate mobilization and
neural inhibitors of sexual behavior during breeding season is under debate. We studied the relationship be-
tween calling and territorial behavior with plasma levels of corticosterone (CORT) and plasma levels of tes-
tosterone (T) across the breeding season of Hypsiboas faber, a large and territorial Neotropical treefrog. We
investigated these relationships through focal observations of males calling naturally, followed by blood sam-
pling for hormonal radioimmunoassay. We additionally used an experimental approach, which consisted of
broadcasting recorded advertisement calls for 10 min to simulate an invasion in the territory of the focal sub-
jects, followed by behavioral observation and blood sampling for hormonal radioimmunoassay. Results
showed a pattern of co-variation between CORT and T across the breeding season. Furthermore, individual
variation in CORT and T was related to different aspects of behavior: individuals with higher CORT showed
higher calling rates, and individuals with higher steroid levels, mainly T, showed higher responsivity to social
stimulation by other males in the chorus. Experimental simulation of territorial intrusion by using playback of
advertisement calls of this species did not elicit consistent changes in agonistic behavior and CORT, but de-
creased T in focal males.
© 2012 Elsevier Inc. Open access under the Elsevier OA license. 1. Introduction
The functional relationship between the hypothalamo-pituitary–
interrenal (HPI) axis and the hypothalamo-pituitary–gonadal (HPG)
axis remains debatable. The classic view, well supported by
experimental manipulation of short-term stressors (Greenberg and
Wingﬁeld, 1987; Guillette et al., 1995; Narayan et al., 2011), is that
the activation of the HPI axis inhibits reproduction atmultiple levels, in-
cluding reproductive behavior. However, in natural populations of ver-
tebrates glucocorticoids such as corticosterone (CORT, understood as
plasmatic level of corticosterone) increase during the mating season.
This ﬁnding suggests that moderate levels of glucocorticoids enhance
mobilization of energy substrates and facilitate reproduction through
indirect effects on behavior and physiology (see Moore and Jessop,
2003; Landys et al., 2006; Carr, 2011). A like form of hormonal facilita-
tionmay characterize anuran amphibians, a group inwhichmale repro-
ductive behavior is often highly energetic (e.g., Pseudacris crucifer and
Hyla microcephala, Wells and Taigen, 1989; Wells et al., 1996; Wells,
2001). In anurans enhanced CORT inhibits calling behavior and may
correlate inversely with circulating androgen levels (Orchinik et al.,
1988; Marler and Ryan, 1996; Burmeister et al., 2001; Leary et al.,
2006), although in natural choruses interindividual plasma levels of: +55 11 3091 8095.
).
e Elsevier OA license. both androgens and CORT correlate positively with calling effort. A
similar positive correlation is apparent across species differing in typical
calling behavior (Orchinik et al., 1988; Emerson and Hess, 1996, 2001;
Harvey et al., 1997; Moore et al., 2005).
It is possible that the interaction between glucocorticoids and
androgens regulates the cycles of reproductive activity in anuran am-
phibians, as proposed in the energetic hormone-vocalization model
(Emerson, 2001). This model predicts a positive relationship between
vocal effort, plasma levels of androgens and glucocorticoids when
males start calling. Over consecutive nights of vocal activity CORT in-
creases until a threshold evoking a stress response that inhibits the
HPG axis. At this turning point the concentration of CORT is high
and inversely associated with androgen levels, so that males leave
the chorus to forage (Emerson, 2001). Under this scenario, increased
CORT must facilitate mobilization of energy substrates and inhibit
vocal behavior. Indeed, in two anuran species experimental adminis-
tration of CORT induces behavioral transitions that are rapid (b1 h)
and unrelated to plasma androgen levels. Therefore, glucocorticoids
may depress vocal activity via neural effects (Moore and Miller,
1984; Orchinik et al., 1991; Leary et al., 2006).
The trade-off described by the energetic hormone-vocalization
model may have seasonal and evolutionary consequences for anurans
because the amount of time allocated to call is the best predictor of
male mating success in some species (Arak, 1983; Ryan, 1985;
Murphy, 1994). The relationship between hormone plasma levels
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the breeding season, especially in prolonged breeders (Houck and
Woodley, 1995). For example, at the beginning of the breeding season
some Northern temperate amphibians exhibit elevated levels of andro-
gens, yet they may remain reproductively active long after these levels
drop (Zerani et al., 1991; Houck and Woodley, 1995; Canosa and
Ceballos, 2002). Thus, androgens do inﬂuence male reproductive
behavior including calling (Wada et al., 1976; Licht et al., 1983;
Mendonça et al., 1985; Moore, 1987), but may have a permissive
more than a regulatory role. In addition, social interactionsmay become
a source of stress in reproductive anurans, given that in birds and rep-
tiles agonistic territorial encounters increase CORT (Smith and John-
Alder, 1999; Landys et al., 2010). Therefore, studies targeting the rela-
tionship between CORT and reproductive behavior can take advantage
of territoriality because agonistic encountersmight contribute to inhibit
the HPG axis via enhanced CORT.
In this study we focus on Hypsiboas faber, a highly territorial spe-
cies of Neotropical treefrog (Martins, 1993a). We investigate, across
the breeding season of the species, the relationship between calling
and territorial behavior and CORT and testosterone (T, understood
as plasmatic level of testosterone). Speciﬁcally, we tested these
hypotheses: 1) individuals with comparatively high CORT and
T exhibit enhanced calling rates; 2) mean of CORT and T reaches
maximum values at the onset of reproductive season and declines
thereafter without effects on calling behavior. In addition, and to
produce additional information regarding stress and social context,
we veriﬁed whether individuals change behavior and hormone
levels in response to a simulation of territorial intrusion (broadcast
of species-speciﬁc advertisement call).
2. Materials and methods
2.1. Frogs
H. faber is a large treefrog that lives near streams and large perma-
nent ponds in the Atlantic forest from Argentina to northeastern Brazil
(Martins and Haddad, 1988), and shows a relatively long reproductive
season, extending from late October through early March (Martins,
1993a). Males build nests for egg deposition and defend territories
from other males, showing agonistic interactions that include a variety
of vocal patternswith graded aggressiveness, andwhichmay culminate
in physical conﬂict (Martins et al., 1998).
2.2. Field site and methods of behavioral observation
We collected behavioral data and blood samples from 37 calling
males of H. faber in natural choruses from Botucatu — São Paulo State/
Brazil (22° 53′00 .8 ″S, 48 ° 30′02 .9″ WO), with mean chorus density
of 7 males per night. We aimed to detect possible variation in hormone
levels and response to the stimulus across the breeding period and col-
lected data from January toMarch 2009 and from October to December
2009.We restricted data collection to oneweek permonth. This species
has been comprehensively studied in Brazil. An extensive study on nat-
ural history (Martins, 1993b) shows that mean pond residency period
for males (number of days between the ﬁrst and the last observations
of a given individual) is 15.4 days (1–74 days, SD=15.4 days).
According to Martins (1993b), nearly two thirds of the males were ob-
served for less than ﬁve days, and only two males were observed for
more than 20 days. So, to avoid double sampling of the same individ-
uals, we temporarily removed all tested frogs from the ﬁeld after all
necessary data had been collected. These animals were maintained in
laboratory terraria until the end of ﬁeld-work every month, and then
were returned to the pond. We also photographed and visually com-
pared all individuals and failed to ﬁnd matches.
Only two researcherswere present in the pond each night of observa-
tion, and each animal was observed only by one person. Animal choicewas haphazardous. During each observation, observers respected a 1 m
distance that was considered appropriate given pilot ﬁeld experience.
Observers recorded vocal behavior and movements of focal males, de-
scribed the calling site, and estimated chorus size through the number
of callingmales. Duringﬁeldwork observers usedheadlampswith redﬁl-
ters, which, according to previous ﬁeld-work, appear to cause no distur-
bance to frogs (Bevier et al., 2008; Kiss et al., 2009). As a precaution to
minimize interference of human presence observers started behavioral
recording 10 min after the initial approximation and only if focal males
maintained normal behavior. Observers restricted data collection to the
19:00 h to 0:00 h period. Given that temperature can affect the temporal
parameters of anuran vocalizations (Wells et al., 1996; Navas and Bevier,
2001) we recorded ﬁeld temperatures at 5 min intervals using four
HOBO data loggers placed in typical microenvironments used by vocal
males. The observations lasted for 30 min, after that we collected ani-
mals for blood sampling. We used a control group (N=21) and a
group exposed to simulation of territorial intrusion (N=16, see next sec-
tion). We obtained blood samples (around 150 μL) by cardiac puncture
using heparinized 1 mL syringes with 26G×1/2 inch needle. This proce-
dure was applied in the ﬁeld and within 3 min of capture to avoid inter-
ference of manipulation stress in CORT (Romero and Reed, 2005). Blood
samples were kept in ice until transport to the laboratory (b5 h). In the
laboratory, we centrifuged samples for 4 min at 800 g, pipetted off
separated plasma and stored samples at−20 °C for later analyses.
2.3. Simulation of territorial intrusion
The territorial intrusion simulation was designed to investigate
behavioral responses to a hypothetical intruder male. All stimulated
males were observed for 30 min, just as the control group. The test
consisted of broadcasting a recorded advertisement call during
10 min and was applied at the end of the observation period. Then,
focal males were captured and blood-sampled. The stimulation ﬁle
was based on recorded advertisement calls of one male (best from re-
cordings in four individuals) in the ﬁeld that had been obtained with
a portable recorder (Marantz — PMD670) and a semidirectional mi-
crophone (Sennheiser - ME66/K6). We selected a 5 min long record-
ing of continuous calling, with minimal background noise and high
signal quality. This playback alternated the 5 min intense stimulus
with 1 min periods of background chorus sound (Fig. 1).
We performed sound edition with Raven Lite (Cornell Lab of
Ornithology — Interactive Sound Analysis Software — version 1.0), the
same software used to analyze recordings. We also measured peak am-
plitude at 1 m in front of four calling males using the max/hold function
of a sound pressure level meter (Instrutherm THDL‐400) for 1 min. We
repeated the measurements three times for each male and calculated
the mean value to standardize the amplitude of the acoustic stimulation
arriving at the focal males in the ﬁeld. Field playback was made with a
portableMP3/CD player (Toshiba— CDP 61705) ﬁttedwith two external
speakers (Creative CS 120 — 80×150×100 mm — W×H×D). These
speakers were placed in front of the focal male and at a 1 m distance
and broadcast the stimulus at 75.0 dB SPL at the position of the experi-
mental subject.
2.4. Behavioral variables
We measured: 1) mean calling rate (total number of vocalizations
divided by observation time); 2) maximum calling rate (the highest
value of calling rate obtained by dividing total observation per 1 min
consecutive intervals); 3) minimum calling rate (the lowest value of
calling rate obtained by dividing total observation per 1 min consecu-
tive intervals); 4) call rate range (difference between maximum and
minimum calling rates); 5) min with vocal activity (number of min in
which the focal male called at least once); 6) vocal behavior category
(constant callers: if the focal male called at least once in every 1 min
consecutive intervals during the observation; silent: if the focal male
Fig. 1. Spectrogram of advertisement call of Hypsiboas faber, representing part of the record used as the acoustic stimulation. Air temperature 20.5 °C; Water temperature 23.9 °C;
Relative humidity 94.6%.
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tween constant callers and silentmales); 7) locomotion (summednum-
ber of events of jumping, walking, and swimming); and 8) adjustments
of position (number of events of small movements that do not result in
locomotion).2.5. Hormone quantiﬁcation
We quantiﬁed CORT and T using a standard competitive binding
radioimmunoassay as described in Mendonça et al. (1996) and
Hopkins et al. (1997). We used ether extraction to separate steroid
hormones from 10 to 20 μL of plasma, and tested the samples in du-
plicate. We purchased antibodies from Esoterix (Calabasas Hills, CA,
USA) and used a standard charcoal–dextran separation technique.
After correction for plasma volume and percentage of extraction efﬁ-
ciency, we expressed the plasma hormone content in nanograms per
milliliter of plasma (ng/mL). The percentage of efﬁciency extraction
for CORT and T was on average 79.0 and 76.0%, respectively. Inter‐
and intra-assay variation averaged 4.20 and 32.30% for CORT, and
intra-assay variation averaged 7.80% for T. All samples for T measure-
ments were run in a single assay.Table 1
Components retained of principal component analysis (PCA) including behavioral and
ecological variables of Hypsiboas faber.
Variable PC1 PC2 PC3
Mean calling rate 0.946 0.165 −0.073
Maximum calling rate 0.772 0.560 −0.132
Minimum calling rate 0.878 −0.239 0.173
Call rate range 0.333 0.804 −0.266
Minutes with vocal activity 0.913 0.238 −0.072
Vocal behavior category 0.864 0.109 0.014
Locomotion −0.220 0.798 0.308
Adjustments of position 0.189 0.804 0.108
Chorus size 0.573 0.285 −0.397
Date 0.087 0.164 0.740
Time −0.194 −0.031 0.878
Temperature 0.713 0.030 −0.254
%Total variance 45.85 17.89 12.95
The variables showing a higher contribution for each component are highlighted in bold.
The total amount of variance explained by these four principal components is 76.69%.2.6. Statistical analyses
For integrated analysis of vocal behavior category and endocrinolog-
ical parameters we performed a Varimax normalized principal compo-
nent analysis (PCA), for twelve variables: chorus size, date (day of the
year in ordinal range, where 1 equals to the ﬁrst day of observation —
Jan/29, and 316 equals to the last day of observation — Dec/10), time
(time of day in minutes and ordinal range when each observation
ended, where 0 equals to 19 h 00 min and 300 equals to 24 h
00 min), temperature, and the eight behavioral variables described
above (see Behavioral variables section). We considered for further
analysis only those components with eigenvalues>1. We calculated
factor scores and tested them for non-parametric correlations (Spear-
man)with CORT and T.We used one-way ANOVA to test for differences
in calling rates and T and CORT betweenmonths over the breeding sea-
son, followed by tests for mean multiple comparisons with the
Bonferroni adjustment.
To evaluate the effects of simulated territorial intrusion we calculat-
ed the differences in mean behavioral variables before and after play-
back. Then, we tested the differences against a distribution with mean
zero using a Student's t-test. Given that the acoustic stimulation lasted
10 min, we used only the last 10 min of the 30 min focal-study record-
ings. Regarding hormone levels, we applied a General Linear Model
with CORT and T as dependent variables, and simulated territorial intru-
sion (presence or absence) as a factor. We entered date and time as co-
variates in the model. We excluded from analyses one individual
exhibiting CORT (73.81 ng/mL) 2.6× larger than the next largest value
and 8.6× higher than the average. We analyzed data with SPSS 13.0
for Windows.3. Results
3.1. Relationship between behavioral variables and hormone levels
The PCA generated three components with eigenvalues greater
than 1 and accounted for 76.69% of the total variation (Table 1). The
ﬁrst component (PC1) encompassed the major source of variation
(45.85%) and showed positive association with temperature and the
main temporal parameters of calling activity (mean calling rate, max-
imum calling rate, minimum calling rate, minutes with vocal activity,
and vocal behavior category). PC2 accounted for 17.89% of the vari-
ance and displayed positive association with the call rate range, loco-
motion and adjustments of position. Thus, variation in PC2 was
primarily associated with an individual's tendency to move, to adjust
position and calling behavior. The third component (PC3) explained
12.95% of variance, and encompassed mainly date and time. CORT
and T were positively associated across the breeding season
(Table 2, Fig. 2a). CORT correlated positively with PC1 and both
CORT and T correlated positively with PC2 (Table 2, Fig. 2).3.2. Variation of hormone levels and calling behavior over the breeding
season
Fig. 3 summarizes the changes in mean calling rates and hormone
levels throughout the breeding season. Calling rates differed be-
tween months (F4,30=4.148; P=0.009), averaging 36 calls/min in
the ﬁrst month of the breeding season, increasing to plateau values
around 83 calls/min in November, January and February. Mean
CORT also differed between months (F4,30=12.701; Pb0.001), aver-
aging 11.24 ng/mL in October, peaking in November (15.92 ng/mL)
and decreasing to values around 6.79 ng/mL in January and
February. Mean T also differed between months (F4,30=7.670;
Pb0.001), averaging 55.31 ng/mL in October and decreasing to
Table 2
Nonparametric correlations (Spearman) between principal components derived from
ecological and behavioral variables and levels of steroid hormones in plasma of Hypsiboas
faber. N is displayed in brackets.
PC2 PC3 Corticosterone Testosterone
PC1 0.329
(29)
−0.119
(29)
0.611*
(29)
0.218
(29)
PC2 −0.312
(29)
0.440
(29)
0.513*
(29)
PC3 0.015
(29)
−0.102
(29)
Corticosterone 0.642*
(36)
Signiﬁcant correlations to 0.05 are shown in bold. Signiﬁcant correlations after Bonferroni
correction for multiple simultaneous tests (0.006) are indicated with an asterisk (*). The
tests were performed with two tails.
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Calling rates and plasma levels of both hormones reached minimum
values at the end of the breeding season (March).3.3. Effect of the simulation of territorial intrusion on behavior and hor-
monal levels
The simulation of territorial intrusion affected only two behav-
ioral variables, “minutes with vocal activity” (Control: 3.63±4.50;
Experimental: 5.13±4.05—Mean±SD) and “adjustments of position”
(Control: 0.75±1.53; Experimental: 3.13±3.16 — Mean±SD), that
increased in response to the stimulus (Table 3). In addition, CORT
and T were affected by date, and T decreased (Control: 35.40±24.14;
Experimental: 30.78±23.58 — Mean±SD) in response to simulation
of territorial intrusion (Table 4).Fig. 2. Nonparametric correlations (Spearman) between steroid hormone levels of Hypsiboa
nents from the PCA of environmental and behavioral variables (b, c, d).4. Discussion
4.1. Relationship between behavioral variables and hormone levels
The frog H. faber shares with other anurans a pattern consisting in
enhanced calling activity associated with a rise in CORT (see examples
in Emerson and Hess, 2001; Leary et al., 2006). From one point of
view this is an expected conﬁrmatory result because the reproductive
behavior of H. faber and many other anuran species is highly energetic,
and CORT has a role in the modulation of energy substrates. Overall,
glucocorticoids increase the mobilization of amino acids and lipids,
stimulate gluconeogenesis, and enhance the oxidation of lipids within
the cells in situations of increased energy demand (Tharp, 1975;
Weber, 1992; Norris, 1997; Malisch et al., 2007). Other species of am-
phibians and reptiles also show moderate CORT during reproductive
season. This situation may facilitate behavioral and physiological as-
pects of reproduction. Extremely high levels of glucocorticoids, on the
other hand, relate to pronounced activation of the HPI axis and may in-
hibit reproduction (Moore and Jessop, 2003; Landys et al., 2006; Carr,
2011). Both T and CORT correlated positively with elements of behavior
related with responsiveness to social environment, for example adjust-
ments in calling rate, postural adjustments and short events of locomo-
tion. Therefore, individual H. faberwith higher steroid levels seemingly
respondmore intensely to the social environment. Given responses to a
calling playback, vocal stimuli from conspeciﬁcs seem to be an impor-
tant component of the social environment in this context. However, as-
sessment or presence of potential intruders may also be relevant
because several males adjusted position to face speakers, stop calling,
and restart calling at higher rates at the onset of the acoustic stimulation
(F.R.G, personal observation). A positive relationship between T and so-
cial responsiveness may be bidirectional and dynamic. Previous studies
with anurans suggest that androgens have an activating effect after sex-
ual maturity (Wada et al., 1976; Mendonça et al., 1985; Emerson and
Hess, 1996). In addition, social stimulation by conspeciﬁc males callings faber (a), and between these hormone levels and the scores of two principal compo-
Fig. 3. Calling rate, plasma levels of corticosterone and testosterone (ng/mL) during the
breeding season of Hypsiboas faber. Bars represent the mean±standard error deviation
with N in parentheses. N is the same for all variables. The only datum from December
was excluded from this ﬁgure. Bold lines represent mean values for the three variables
across the breeding season. Signiﬁcant differences are illustrated with bars, *Pb0.05,
**Pb0.001. The error bars from both hormones inMarch are small and covered by a circle.
Table 4
Effect of simulation of territorial intrusion, date and time on plasma levels of hormones
(ng/mL) in Hypsiboas faber.
Variable SQ DF MS F P
Corticosterone
Intercept 30.338 1 30.338 0.649 0.427
Simulation of territorial intrusion 86.977 1 86.977 1.859 0.182
Date 321.381 1 321.381 6.870 0.013
Time 0.014 1 0.014 0.000 0.986
Error 1496.898 32 46.778
Total 4409.346 36
Testosterone
Intercept 347.149 1 347.149 0.661 0.422
Simulation of territorial intrusion 2346.532 1 2346.532 4.469 0.042
Date 2517.901 1 2517.901 4.795 0.036
Time 401.856 1 401.856 0.765 0.388
Error 16,802.028 32 525.063
Total 59,629.531 36
The effect of simulation of territorial intrusion on plasma hormone levels was tested
through a General Linear Model, with CORT and T as dependent variables, and simulation
of territorial intrusion (presence or absence) as a factor, and date and time as covariates.
R2CORT=0.192; R2T=0.143. SQ: Sum of Squares. DF: Degrees of Freedom. MS: Mean
Square. Variables with P signiﬁcant at 0.05 are highlighted in bold.
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(Brozska and Obert, 1980; Wells, 1988; Wilczynski and Chu, 2001).
Finally, a relationship between social responsiveness and androgensTable 3
Effect of the simulation of territorial intrusion on behavioral variables of Hypsiboas faber.
Behavioral variables t-Value DF P
Mean calling rate −0.092 15 0.928
Maximum calling rate 1.147 15 0.269
Minimum calling rate −0.945 15 0.359
Call rate range 1.772 15 0.097
Minutes with vocal activity 2.176 15 0.046
Adjustments of position 3.391 15 0.004*
Locomotion 1.755 15 0.100
t-Tests performed for one sample. Tests signiﬁcant at 0.05 are in bold. Signiﬁcant tests
after Bonferroni correction for multiple simultaneous tests (0.007) are indicated with
an asterisk (*).may be a common trend among tetrapods. During the breeding season,
when T is higher, male territorial birds show faster and stronger re-
sponses to territory invasion, although the primary response to territo-
rial invasion is a rise in CORT (Landys et al., 2010). Similarly, male
lizards (Sceloporus undulatus) exhibit higher CORT in response to en-
counters with conspeciﬁcs, but only during the breeding season. In
this case, only encounters with males result in increased T (Smith and
John-Alder, 1999). Supplementary ﬁeld studies and experimental ma-
nipulation of both hormone levels and social environment are neces-
sary to fully understand these complex relationships.
4.2. Variation of hormone levels and calling behavior over the breeding
season
The relationship between CORT and T in H. faber is comparable with
what has been reported in other anurans (see Emerson andHess, 2001).
Both hormones correlate positively, are higher during the ﬁrst months
of the breeding season and drop subsequently, a pattern characterizing
also other vertebrates (Dupont et al., 1979; Licht et al., 1983; Pancak and
Taylor, 1983; Mendonça et al., 1985; Herman, 1992; Zenari and
Gobbetti, 1993; Mahmoud and Licht, 1997; Breuner and Wingﬁeld,
2000; Romero, 2002; Narayan et al., 2010; O'Bryant and Wilczynski,
2010). These hormonal interactions affecting male individuals seem in-
dependent of the presence of females in the population, for them seem-
ingly available throughout the breeding season (Martins, 1993b).
Overall, natural selection may favor rather short periods of enhanced
T in males, thus reducing costs in terms of energy, immunosupression,
and ﬁtness (Wingﬁeld, 1994; Houck and Woodley, 1995; Emerson
and Hess, 1996). Such evolutionary tendency would traduce, at the in-
dividual level, in underlying mechanisms leading to lower T at the end
of breeding period. In H. faber, this decrease seems particularly pro-
nounced in March. Possibly, this hormonal event parallels the onset of
gonadal reduction and decreased interrenal sensitivity to corticotro-
phin (ACTH), with a concomitant drop in CORT. This proposed mecha-
nism has been reported in the Eastern Fence Lizard (S. undulatus), a
species in which reduced androgens during the non-reproductive
season parallel decreased sensitivity of adrenocortical cells to ACTH
(Carsia and John-Alder, 2003; Carsia et al., 2008).
As we hypothesized, in H. faber CORT and T peaked during the ﬁrst
two months of the breeding period, but calling behavior remained
unchanged for a much longer period. Some anurans show a direct rela-
tionship between androgen levels and calling effort (Emerson andHess,
2001), and calling behavior can be abolished by castration (Palka and
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et al., 1992) and restored by androgen replacement therapy (Wetzel and
Kelley, 1983). However, weak relationships and absolute uncoupling be-
tween reproductive behavior and circulating androgens have also been
reported (D'Istria et al., 1974; Specker and Moore, 1980; Houck and
Woodley, 1995; Norris et al., 1997; Canosa and Ceballos, 2002). Therefore,
the relationship between androgens on mating behavior may be permis-
sive more than regulatory (Wada et al., 1976; Andreoletti et al., 1983;
Mendonça et al., 1985; Deviche andMoore, 1988). Once surpassed a crit-
ical androgen concentration threshold, ﬁnemodulation of mating behav-
iormay have basis on non-testicular substances, such as the neuropeptide
arginine vasotocin (AVT) (Wilczynski and Chu, 2001).4.3. Effect of the simulation of territorial intrusion on behavior and
hormonal levels
According to Martins et al. (1998), male H. faber show graded ag-
gressiveness that, under speciﬁc social contexts, may culminate in
physical conﬂict. Given the diverse behavioral responses to playback,
individuals of H. faber apparently identiﬁed the playback as a new
male in the chorus. However, this apparent modiﬁcation of the social
environment generated modest social stress, and most of the times
did not elicit high levels of aggression. The absence of a strong stress
response is corroborated by the lack of changes in CORT, although we
cannot discharge the possibility that the time lag between playback
and blood sampling may have been too short. We cannot evaluate
this issue for lacking detailed information about the temporal course
of stress-related steroid responses in H. faber. Otherwise, we observed
a reduction in the T in response to the simulation of territorial intru-
sion. A reduction in T has been also observed in male birds after
10–20 min of capture-restraint stress, without a correlation with
stress-induced changes in CORT (Goutte et al., 2010; Deviche et al.,
2012). Therefore, decreased T in response to acute stress may be in-
duced by glucocorticoid-independent mechanisms (Deviche et al.,
2012). Male H. faber decrease T within minutes as a response to social
challenge by other conspeciﬁc males, but more complex or differently
timed stimuli may lead to different results.5. Conclusions
We observed a positive correlation between CORT and T, with
higher levels of both hormones at the beginning of the breeding peri-
od but homogeneous calling behavior through the reproductive sea-
son. Therefore, a peak of steroid hormones at the beginning of the
breeding season may maintain reproductive behavior through a
long season. Individuals with higher CORT exhibited higher calling
rates, and individuals with higher steroid levels, mainly T, showed
higher responsivity to male-induced changes in the social environ-
ment. Although a playback simulating territorial invasion changed
brieﬂy some aspects of calling behavior and decreased T, it did not
elicit consistent agonistic responses and changes in CORT.Acknowledgments
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